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(57) Abstract 

Subject: To provide a glass plate for display with a coefficient of expansion at the same 
level as a soda lime silica glass, and a higher strain point than soda lime silica glass, and does not 
break easily. 

Solution: Reinforced glass plate for flat panel having a coefficient of expansion of 70 X 1 0'^ 
~ 100 X 10'^ / °C, a strain point of 550 "C or higher, a compressive stress layer formed from the 
surface down to a depth of 50 \im or deeper, and the maximum value of the compressive stress of 
200 kgf / cm^ or higher. 



CLAIMS 

1 Reinforced glass plate for flat panel having a coefficient of expansion of 70 X 10'' ~ 100 
X 10'^ / "C, a strain point of 550 °C or higher, a compressive stress layer formed from the 
surface down to a depth of 50 pm or deeper, and the maximum value of the compressive stress of 
200 kgf / cm^ or higher. 

2 The reinforced glass plate for flat panel display according to Claim 1 comprising. 



substantially in the % by weight, 

SiOa 45 ~ 70, 

AI2O3 2-20, 

B2O3 0-6, 

MgO 1 - 10, 

CaO 1 - 10, 

SrO 0-9, 

BaO 0-9, 

MgO + CaO + SrO + BaO 10-25, 

Zr02 0-10, 

Na20 + K20 7-15. 



DETAILED EXPLANATION OF THE INVENTION 
[0001] 

TECHNICAL AREA OF THE INVENTION 

The present invention pertains to a glass plate suitable for a flat panel display, 
particularly plasma display panel (PDF). 

[0002] 

PRIOR ART 

For a glass plate for PDF, conventionally, soda lime silica glass that can have the 
coefficient of expansion easily adjusted to inorganic sealing material such as various glass fnt 
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material used as a component for PDP has been used. The aforementioned inorganic sealing 
material is coated on a glass plate, and is usually baked at 550 600 ^^C. However, as the strain 
point of soda lime silica glass is approximately 510 ''C, there was a problem that the glass plate 
would deform or shrink during the baking at the aforementioned temperature, resulting in 
extremely different dimensions, thus not being able to obtain predetermined dimension accuracy. 

[0003] 

As a glass plate to resolve this problem, a glass substrate having a coefficient of 
expansion at about the same level as that of soda lime silica glass and a higher strain point than 
that of soda lime siHca glass is known (For instance, Kokai Patent Application No. HEI 3 [1991]- 
40933). 

[0004] 

ISSUES TO BE RESOLVED BY THE INVENTION 

However, such high strain point glass had a problem that it is more fragile than soda lime 
silica glass, and tends to be easily broken in the manufacturing process. The object of the 
present invention is to provide a glass plate that resolves this problem having a coefficient of 
expansion at about the same level as that of soda lime silica glass, and a higher strain point than 
that of soda lime silica glass, and is not easily broken. 

[0005] 

MEANS TO RESOLVE THE ISSUE 

The present invention provides a reinforced glass plate for flat panel having a coefficient 
of expansion of 70 X 10'^ --^ 100 X 10"^ / ^C, a strain point of 550 °C or higher, a compressive 
stress layer formed from the surface down to a depth of 50 |xm or deeper, and the maximum 
value of the compressive stress of 200 kgf / cm or higher. 

[0006] 

EMBODIMENTS OF THE INVENTION 

The reinforced glass plate for flat panel according to the present invention (hereafter 
simply referred to as the reinforced glass plate of the present invention) is obtained by 
reinforcing a glass plate having the mean coefficient of linear expansion at 50 350 °C within 
the range of 70 X 10'"^ - 100 X 10""^ / and a strain point of 550 X or higher. Hereafter, the 
mean coefficient of linear expansion at 50 - 350 °C will be simply referred to as the coefficient 
of expansion. Further, the coefficient of expansion and the strain point of the aforementioned 
glass plate will be referred to respectively as the coefficient of expansion and the strain point of 
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the reinforced glass plate of the present invention. The aforementioned reinforcement is applied 
by using a well-known reinforcing method such as forced-air-cooled reinforcement (physical 
reinforcement) or chemical reinforcement, among others. 

[0007] 

If the coefficient of expansion of the reinforced glass plate of the present invention is less 
than 70 X 100"'^ / T or over 100 X 10"*^ / the adjustment of the coefficient of expansion to the 
inorganic sealing material that has been conventionally used for soda lime silica glass plate (the 
coefficient of expansion is 80 X 10"^ 90 X lO'"^ / °C). Preferably, it is 80 X 10'^ 90 X 10" 

[0008] 

If the strain point of the reinforced glass plate of the present invention is less than 550 ^C, 
the deformation or contraction of the reinforced glass plate when it has the inorganic sealing 
material coated and is baked at 550 - 600 ''C will be too large, and the predetermined dimension 
accuracy will not be obtained. 

[0009] 

The reinforced glass plate of the present invention has a compressive stress layer formed 
on the surface. If the aforementioned compressive stress layer is formed only in the area up to 
less than 50 ^m from the surface, scratches generated on the surface of the reinforced glass plate 
will easily pass through the compressive stress layer, and the reinforced glass plate will be 
broken. It is preferably 100 [im or deeper. Further, when the maximum value of compressive 
stress of the aforementioned compressive stress layer is less than 200 kgf7cm^, the reinforcement 
effect will be too small. 

[0010] 

The reinforced glass plate of the present invention preferably comprises substantially in 



the % by weight, 

Si02 45 70, 

AI2O3 2-^20, 

B2O3 0^6, 

MgO 1 - 10, 

CaO 1 - 10, 

SrO 0-^9, 

BaO 0 9, 
MgO + CaO + SrO + BaO 10 25, 

Zr02 0^10, 

NajO + KaO 7 --15. 
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The reason will be explained below expressing the % by weight simply as %. 
[0011] 

Si02 is a network former, thus is essential. If its content is over 70 %, there is a risk that 
the coefficient of expansion may become too low. Preferably, it is 65 % or less. If it is less than 
45 %, the strain point will be too low, and chemical durability may be lowered. Preferably, it is 
51 % or higher. 

[0012] 

AI2O3 is a component to increase the strain point, thus is essential. If its content is over 
20 %, the viscosity of the molten glass will be too high, and there is a risk that plate glass 
molding, particularly, float molding, may become difficult. Preferably, it is 16 % or less. If it is 
less than 2 %, the strain point may become too low. 

[0013] 

While B2O3 is not essential, it may be present up to 6 % to increase fracture toughness 
and to promote melting of glass by lowering the viscosity of molten glass. If it is over 6 %, the 
coefficient of expansion may become too low. Preferably, it is 5 % or less. Further, when B2O3 
is present, it is preferable that it is 2 % or higher. 



[0014] 

MgO is a component to increase fracture toughness and to promote melting of glass by 
lowering the viscosity of molten glass, thus is essential. If its content is over 10 %, the 
devitrification temperature may become too high. Preferably, it is 5 % or less, and more 
preferably, it is 4 % or less. If it is less than 1 %, the effect may be too small. Preferably, it is 2 
% or higher, and more preferably, it is 3 % or higher. If the coefficient of expansion is desired to 
be 80 X 10""^ / ^C, it is preferable that the content of MgO is 1 3 %. 

[0015] 

CaO is a component to increase the coefficient of expansion and to promote melting of 
glass by reducing the viscosity of molten glass, thus is essential. If its content is over 10 %, the 
devitrification temperature may become too high. Preferably, it is 9 % or less. If the content is 
less than 1 %, the coefficient of expansion may become too low. Preferably, it is 5 % or higher, 
and more preferably, it is 6 % or higher. If the devitrification temperature is desired to be 
lowered, it is preferable that the CaO content is 1 - 6 %. 
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[0016] 

While SrO is not essential, it may be present up to 9 % to increase the coefficient of 
expansion and to promote melting of glass by lowering the viscosity of molten glass. If its 
content is over 9 %, the devitrification temperature may become too high. Preferably, it is 6 % 
or less. 

[0017] 

While BaO is not essential, it may be present up to 9 % to increase the coefficient of 
expansion and to promote melting of glass by lowering the viscosity of mohen glass. If its 
content is over 9 %, the devitrification temperature may become too high. Preferably, it is 2 % 
or less. To reduce specific gravity, it is preferable not to contain BaO. 

[0018] 

If the total content of MgO, CaO, SrO and BaO is over 25 %, the devitrification 
temperature may become too high. The total content is preferably 20 % or less. If it is less than 
10 %, the viscosity of molten glass may become too high, and melting of glass may become 
difficult. Preferably, it is 12 % or higher. 

[0019] 

While Zr02 is not essential, it may be present up to 10 % to increase the strain point. If 
its content is over 10 %, the devitrification temperature may become too high. Preferably, it is 5 
% or less, and more preferably, it is 4 % or less. Further, if Zr02 is present, it is preferable for it 
to be 2 % or higher. When the plate glass molding method that allows molding even if the 
devitrification temperature is high is adopted, the Zr02 content is preferably 5-10 %. 

[0020] 

Both NazO and K2O are components to increase the coefficient of expansion and to 
promote melting of glass by reducing the viscosity of molten glass; thus at least one must be 
present. If their content is over 15 %, the chemical durability may be lowered and the electric 
resistance may become too small. Preferably, it is 13 % or less. If it is less than 7 %, the effect 
may be too small. Preferably, it is 9 % or more. 

[0021] 

The reinforced glass plate of the present invention substantially comprises the 
aforementioned components. However, within a range that does not interfere with the object of 
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the present invention, other components may be present up to 5 % by weight in their contents. 
Examples of other components include SO3, AS2O3, Sb203 and other clearing agents, Fe203, 
NiO, CoO and other coloring agents, and ZnO and other dissolving accelerators. 

[0022] 

The method to manufacture the reinforced glass plate of the present invention is not 
particularly limited. Various manufacturing methods may be adopted. For instance, commonly 
used materials are mixed to realize the target composition, which is then heated to 1 500 1 600 
"^C and melted in a melting fiimace. The glass is homogenized by bubbling, adding clearing 
agent, and agitation, among others, and is molded to a predetermined thickness of plate by the 
well-known flat method, down draw method or other methods. After slowly cooling it, it is 
ground, polished, and processed in some other way, and be formed into a predetermined size and 
shape of glass plate. This glass plate is once heated to a temperature that is higher by 100 °C or 
more than the slow cooling point, and quickly cooled (forced-air-cooled reinforcement) by 
blowing normal temperature air to the surface of the glass plate; thereby a reinforced glass plate 
with a compressive stress layer formed on the surface will be obtained. The reinforced glass 
substrate of the present invention is suitable for PDF, FED (field emission display), or the like. 

[0023] 

APPLICATION EXAMPLE 

Glass of the composition in % by weight of Si02: 58, AI2O3: 7, MgO: 2, CaO: 5, SrO: 7, 
BaO: 8, Zr02: 3, Na20: 4, and K2O: 6 was melted, and was molded to a 2.8 mm thick plate glass, 
by the float method. After cutting this plate glass to a predetermined size (950 mm X 1050 mm), 
the glass was chamfered to obtain a glass plate. The coefficient of expansion of this glass plate 
is 83 X 10"^ / T; and the strain point was 570 ^C. 

[0024] 

After heating the aforementioned glass plate to 750 **C, it was reinforced by fast cooling 
by blowing normal temperature air to the surface of the glass plate, thereby a reinforced glass 
plate was obtained. The compressive stress layer of this reinforced glass plate was formed down 
to a depth of 600 |im fi-om the surface. The maximum value of compressive stress of said 
compressive stress layer was 800 kgf / cm . 

[0025] 

100 each of the aforementioned reinforced glass plates and the un-reinforced 
aforementioned glass plates were inputted in the ITO (tin oxide with indium doped on it) film 
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forming process. The highest temperature for the reinforced glass plate or un-reinforced glass 
plate in said film forming process was approximately 300 **C. As a result, none of the reinforced 
glass plates was broken in said film forming process. 10 of the un-reinforced glass plates were 
broken. This broken glass must be removed fi^om the ITO film forming chamber, which required 
a lot of time and extremely reduced production efficiency. The cause for the fi-acture of this 
broken glass is considered to be the temperature distribution occurring in the glass plate. 

[0026] 

EFFECT OF THE INVENTION 

By using the reinforced glass plate of the present invention, the following effects can be 
reahzed. 

(1) The inorganic sealing material that has been conventionally used for soda lime siHca 
glass plates can also be used for the reinforced glass plate of the present invention. 

(2) There is no concern of the occurrence of the problem of dimension accuracy of the plate 
when the aforementioned inorganic sealing material is baked. 

(3) The problem of fi-acture of plates in a high temperature process such as ITO film forming 
process in the flat display panel manufacturing process will decrease. 
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